ABSTRACT -Three isoforms of β-galactosidases were isolated and partially purified from the cotyledons of quiescent seeds of Vita 3 and Vita 5 cowpea [Vigna unguiculata (L.) Walp.] cultivars differing in water and salt stress tolerance. The purification procedure consisted of ammonium sulfate fractionation, acid precipitation, ion exchange chromatography through DEAE-sephadex and affinity chromatography through Lactosyl-sepharose columns. The three isoforms isolated from the two cultivars showed the same chromatographic patterns, same optimum of temperature for enzyme activity assay (60ºC), identical thermal stability up to 50°C, and similar pH optima (3-4). However, they differed from each other in sensitivity towards metal ions and certain chemical agents presents in the assay medium. The results have shown that the observed differences in β-galactosidases from the cotyledons of quiescent seeds were not sufficient to relate them to stress tolerance.
hydrolytic enzymes occurring in different organs of several plant species. It has been suggested that they are responsible for the removal of galactose from cytosolic or membrane bound glycoproteins, and from cell wall pectins and hemicelluloses (Edwards et al., 1988; Veau et al., 1993; Kim et al., 1999) . In spite of much effort their physiological role is still not well understood (Kundu et al., 1990; Konno and Katoh, 1992; Buckeridge and Reid, 1994; Tiné et al., 2000) . These enzymes have been associated with depletion of oligo-and polysaccharides during seed reserve mobilization (Enéas-Filho et al., 1995; Alcântara et al., 1999; Li et al., 2001) as well as during the process of cell wall loosening for cell elongation (Dopico et al., 1990; Konno and Tsumuki, 1993; Stolle-Smits et al., 1999) . Furthermore, they have been related to fruit ripening processes (Kitagawa et al., 1995; Prabha and Bhagyalakshmi, 1998; Barnavon et al., 2000) . In order to study their physiological and biochemical role it is fundamental to identify the possible isoforms existing in different plant organs, purify, and characterize them as well as determine their exact location within the tissue or within the cell.
It is known that there are several β-galactosidase isozymes in the quiescent seeds of different plant species (Giannakouros et al., 1991; Ali et al., 1995; Enéas-Filho et al., 2000) but it is not known if these isozymes are species specific or if they vary among cultivars of the same species. Knowing that cowpea cultivars respond differently to environmental stresses during germination and seedling establishment (Melo et al., 1994; GomesFilho et al., 1996) and that β-galactosidases are involved in cell elongation (Dopico et al., 1990; Konno and Tsumuki, 1993; Stolle-Smits et al., 1999) , it was hypothesized that cultivars differing in stress tolerance (Melo et al., 1994; Gomes-Filho et al., 1996) could have different forms of β-galactosidases. Therefore, the present paper describes the isolation and partial purification of β-galactosidases from cotyledon of two cultivars differing in stress tolerance as well as the determination of some of their physical and chemical properties aiming to relate these enzymes to stress tolerance.
MATERIAL AND METHODS

Materials
Seeds of Vita 3 (water stress tolerant) and Vita 5 (water stress sensitive) cultivars of Cowpea [Vigna unguiculata (L.) Walp.], were a gift from the Centro Nacional de Pesquisa do Arroz e Feijão (CNPAF/Embrapa), Goiânia, Goiás, Brazil. All seeds were stored in sealed glass bottles containing silica gel and kept at approximately 10ºC until used in the experiments. p-Nitrophenyl β-Dgalactopyranoside, BSA 2x crystalline, DEAESephadex A-50 and Lactosyl-Sepharose were purchased from Sigma. All other reagents were of analytical grade.
Preparation of enzyme extract
β-galactosidase extraction was performed according to Corchete and Guerra (1987) with small modifications. Cotyledons of quiescent seeds were homogenized in cold 25 mM citrate/50 mM phosphate buffer (McIlvaine, 1921) , pH 5.5, for 1h. The proportion of tissue to grinding medium was 1:10 (m/v). All procedures were performed at 4°C unless stated otherwise. The suspension was filtered through a nylon net and centrifuged at 10,000 x g for 30 min. The supernatant (crude extract) was precipitated with ammonium sulfate in the range of 20-60% saturation. After centrifugation, the precipitate was resuspended in McIlvaine buffer, pH 5.5 and then lowered to pH 3.5 with 1 M citric acid. The resulting precipitate was discarded after centrifugation at 10,000 x g for 30 min and the pH of the supernatant adjusted to 5.5 with 0.8 M Na 2 HPO 4 , which was then dialyzed against deionized distilled water at 8°C for 24 h, and lyophilized (F 20-60 ) for further use.
Protein determination
Protein was determined according to Bradford (1976) , using BSA as standard.
Enzyme assay
β-Galactosidase activity was measured according to Kanfer et al. (1973) as modified by Enéas-Filho et al. (1995) . A 3 mM solution of the substrate was prepared by dissolving p-nitrophenyl β-D-galactopyranoside in McIlvaine buffer, pH 4.0. A 0.5 mL aliquot of this solution was added to 0.5 mL of appropriately diluted enzyme extract, and the mixture was incubated at 37°C for 15 min. The reaction was stopped by the addition of 1.5 mL of 0.1 M Na 2 CO 3 . Enzyme activity was determined by measuring absorbance at 400 nm (A 400 ) and subtracting this value from the absorbance (A 400 ) of the blank. Enzyme activity was expressed in units of activity (UA), being one UA defined as a difference in absorbance (∆A 400 ) of 0.01.
Ion exchange chromatography
The lyophilized F 20-60 was resuspended in 25 mM Tris/HCl buffer, pH 7.2 and applied on a DEAE-Sephadex A-50 ion-exchange column (1.7 x 18 cm) previously equilibrated with the same buffer. The flow rate was adjusted to 31.5 mL.h -1 , and 4.2 mL fractions were eluted with the equilibrium buffer at 10°C. The material retained by the column was eluted with a linear NaCl gradient (0 -1 M). Absorbance at 280 nm (protein) and β-galactosidase activity were determined in each fraction, and the ones that showed the highest activities (peaks DS-I and DS-II) were dialyzed against deionized distilled water for 24 h.
Affinity chromatography
The peaks DS-I and DS-II were separately concentrated and applied on a LactosylSepharose affinity column (1.6 x 19 cm) equilibrated with diluted 1:4 (v/v) McIlvaine buffer pH 4.0, containing 0.1 mM EDTA and 1.0 mM 2-ME at 4°C (Campillo and Shannon, 1982) . The flow rate was adjusted to 36 mL.h -1 , and 4.8 mL fractions were eluted with the equilibrium buffer. The material retained by the column was eluted with the same buffer containing 100 mM lactose and 0.5 M NaCl. The column eluate was monitored at 280 nm for protein and assayed for β-galactosidase activity.
Physical and chemical properties of the β-galactosidases
In order to study the pH-dependent kinetic of the enzyme both the enzyme and the substrate were dissolved in McIlvaine buffer in a pH range from 2.0 to 6.5. To determine the optimum temperature of the assay medium for enzyme activity, the reaction mixture was incubated at 30, 40, 50, 60, 70 and 80°C for 15 min, and the reaction stopped as described in enzyme assay. Thermal stability was studied taking 0.5 mL aliquots of the enzyme (dissolved in McIlvaine buffer, pH 4.0) and incubating it for 10 min at temperatures ranging from 30 to 70°C. After cooling, the treated enzyme samples were assayed for β-galactosidase activity. The effect of EDTA, galactose, glucose, lactose, tartrate, molybdate and several bivalent cations on enzyme activity were tested by preincubating 0.5 mL aliquots of the enzyme preparation at 37°C for 10 min in the absence and presence of the effectors, and then assaying the mixture for enzyme activity. The final concentration of all effectors in preincubating and in the assay medium was 4 mM, except for molybdate that was 0.1 mM and for galactose, glucose and lactose that were 8 mM.
RESULTS AND DISCUSSION
β-galactosidase purification
Fraction F 20-60 from both Vita 3 and Vita 5 cultivars, subjected to ion exchange chromatography ( Figures 1A and 1B) was fractionated in two distinct peaks (DS-I and DS-II) both displaying β-galactosidase activity. While DS-I was unbound to the column DS-II was bound and later eluted with 0.7 M NaCl. When DS-I was applied on the Lactosyl-Sepharose affinity column it was further fractionated into β-gal I and β-gal II peaks ( Figures 1C and 1D ). β-gal I was purified 7.4-and 3.4-fold, whereas β-gal II was purified 53.5-and 21.5-fold, for Vita 3 and Vita 5 cultivars, respectively (Table 1) . When DS-II was applied on Lactosyl-Sepharose column only a single peak (β-gal III) emerged after washing the column with 100 mM lactose ( Figures 1E and 1F ). This represented 16.2-and 12.4-fold purification for Vita 3 and Vita 5, respectively (Table 1) . Thus, using this purification procedure it was observed that there are at least three isoforms of β-galactosidases in seeds of Vita 3 and Vita 5 cultivars of cowpea. Our results are in agreement with those reported by Enéas-Filho et al. (2000) who showed the presence of three β-galactosidase isoforms in quiescent seeds of Pitiúba cowpea. The presence of four isoforms of this enzyme were detected in cotyledons from 4 day-old seedlings of Vigna sinensis (Biswas, 1987) and of Vigna radiata (Kundu et al., 1990 ). However, Dey (1984 working with mature seeds of the latter species detected only one β-galactosidase. These results suggest that there are differences in numbers of β-galactosidases among species of the same genus and that the same species could have different isozymes along seed germination and seedling establishment.
Effects of pH and temperature
β-galactosidase activity measured as a function of pH showed that β-gal III from Vita 3 cultivar was fully active at pH 3.0 whereas β-gal I and β-gal II showed maximal activity at pH 3.5 (Figure 2A ). For Vita 5, β-gal II maximal activity was at pH 3.5 as compared to pH 4.0 for β-gal I and β-gal lII ( Figure 2B ). The optimal temperature of the assay medium was 60ºC for the three β-galactosidases studied (Figures 2C and 2D) . These values, although slightly different, were similar to the ones obtained for β-galactosidases isolated from cotyledons of Pitiúba cowpea (Enéas-Filho et al., 2000) , from seedlings (Li et al., 2001 ) and cotyledons (Kundu et al., 1990) of Vigna radiata as well as from seeds and leaves of other plant species (Simos et al., 1989; Sawicka and Kacperska, 1995) . The difference in the temperature used in the assay medium (37ºC) and that found in the optimum assay temperature experiment carried out with the partially purified enzyme ( Figures 2C and 2D ) was also observed by Li et al. (2001) .
Enzyme thermal stability of partially purified β-galactosidase isoforms from cotyledon of Vita 3 and Vita 5 cultivars are shown in Figures  2E and 2F , respectively. All isozymes when preincubated at temperatures ranging from 30-50ºC were heat stable, and inactivated at 70 o C. Similar thermal stability was already reported for β-galactosidases extracted from cotyledon of Pitiúba cowpea (Enéas-Filho et al., 2000) , and for β-galactosidases extracted from seeds and leaves of other plant species (Simos and Georgatsos, 1988; Konno and Tsumuki, 1993) . The results of the optimal assay temperature for the partially purified enzyme have shown that the maximal activity is at 60ºC (Figures 2C and 2D ) while the thermal stability of the enzyme started to decreased above 50ºC ( Figures 2E and 2F ). This apparent discrepancy could be interpreted as being due to differences in the microenvironment in which the enzyme was subjected. In the thermal stability experiments the enzyme was not as protected to high temperatures as in the assay medium. In the latter the enzyme molecules form enzymesubstrate complexes that are much more stable (Nelson and Cox, 2000) .
The results shown in Figure 2 indicate that although there are slight differences in pH optima between β-galactosidase isoforms from cotyledon of quiescent seeds of Vita 3 and Vita 5, they are not sufficient to explain the differences in stress tolerance between these cultivars.
Effects of bivalent cations and other efectors
With the exception of Ca 2+ , the bivalent cations tested had inhibitory effects on the activity of β-galactosidase isoforms (Table 2) being Hg 2+ and Cu 2+ the ions that caused the strongest inhibition of the three isoforms studied. β-gal I extracted from both cultivars practically were not affected by Mn 2+ nor by Mg 2+ but these ions inhibited both β-gal II and β-gal III. The inhibition of isoforms activity due to Zn 2+ , tartrate, molybdate and glucose varied according to the cultivar. Co 2+ was a strong inhibitor of β-gal II and β-gal III but a slight inhibitor of β-gal I. EDTA and lactose moderately inhibited β-galactosidase activities of isoforms from both cowpea cultivars. As expected galactose, a product of the action of β-galactosidases, was a strong inhibitor of all isoforms of β-galactosidases extracted from cotyledon of the cowpea cultivars studied. Similar results were found for the multiple forms of β-galactosidases from cotyledon of Pitiúba cowpea (Enéas-Filho et al., 2000) and for β-galactosidases isolated from other plant sources (Kundu et al., 1990; Ogawa et al., 1990; Li et al., 2001) . * F 20-60 = fraction after acidic precipitation; DS-I, DS-II, β-gal I, β-gal II, and β-gal III refer to β-galactosidase rich peaks described in Figure 1 . F 20-60 ). C and D -Lactosyl-Sepharose affinity chromatography of β-galactosidase rich peak (DS-I). E and F -Lactosyl-Sepharose affinity chromatography of β-galactosidase rich peak (DS-II). Protein (A 280 , ___ ) and β-galactosidase activity (∆A 400 x 15 min -1 , ---). The arrows represent the start of the addition of the elution buffer containing 100 mM lactose and 0.5 M NaCl as described in Material and Methods. ZnCl 2 4 73 ± 2.3 76 ± 5.1 47 ± 7.5 78 ± 9.0 4 ± 1.1 6 ± 2.5
CoCl 2 4 73 ± 4.5 5 ± 4.5 10 ± 4.9 69 ± 8.7 7 ± 4.0 9 ± 0.5
CuCl 2 4 1 ± 1.0 3 ± 2.1 1 ± 1.5 0 ± 0 1 ± 1.7 17 ± 4.0 HgCl 2 4 0 ± 0.6 3 ± 2.3 2 ± 2.5 0 ± 0.5 1 ± 1.7 0 ± 0 EDTA 4 82 ± 3.8 75 ± 3.0 91 ± 1.5 84 ± 3.0 90 ± 7.2 82 ± 4.3
Tartrate 4 66 ± 9.3 57 ± 3.2 46 ± 5.3 6 ± 6.0 0 ± 0 0 ± 0 Molybdate 0.1 65 ± 6.2 1 ± 0.6 79 ± 8.0 25 ± 2.3 73 ± 2.8 35 ± 3.0 Galactose 8 37 ± 6.1 15 ± 2.0 34 ± 2.9 39 ± 1.5 33 ± 3.2 31 ± 6.0 Glucose 8 82 ± 1.0 83 ± 7.1 83 ± 4.3 84 ± 8.5 47 ± 0.5 39 ± 1.7
Lactose 8 76 ± 6.5 75 ± 10.2 64 ± 0.6 89 ± 8.0 81 ± 4.0 71 ± 6.0
These results indicate that the three β-galactosidases isoforms in spite of having the same optimum assay temperature, identical thermal stability, and similar optimum pH responded differently when exposed to the various effectors presents in the assay medium, suggesting that they may belong to a same general family of β-galactosidases that were stored in the seed during their development as it was demonstrated during tomato fruit development (Smith and Gross, 2000) . Even though, the response of the three isozymes to Zn 2+ , tartrate, molybdate and glucose had varied between the two cultivars, our data is not sufficient to infer that these differences are related to stress tolerance. At best, it could be speculated that these isoforms could have different metabolic roles during germination and seedling establishment. Therefore, the role of β-galactosidases in stress tolerance continues to be speculative and deserves more investigation. 
